Seizures preferentially stimulate proliferation of radial glia-like astrocytes in the adult dentate gyrus: functional and immunocytochemical analysis.
Kainate-induced seizures increase hippocampal neurogenesis. Glial fibrillary acidic protein-positive astrocytes with radial processes in the dentate gyrus share many of the characteristics of radial glia and appear to act as precursor cells for adult dentate neurogenesis. Using the chemoconvulsant kainate and transgenic mice with human glial-fibrillary acidic protein (hGFAP) promoter-controlled enhanced green fluorescent protein (EGFP) expression, we examined the proliferation, morphology and electrophysiological properties of astrocytes in the neurogenic subgranular zone of the dentate gyrus in control animals and upon the induction of seizure-induced cell proliferation, three days post-kainate. EGFP-positive cells with and without radial processes could easily be distinguished. Kainate treatment caused a significant increase in the total number of proliferating EGFP-positive cells, particularly a tenfold elevation in the number of proliferating radial glia-like astrocytes, and also caused a preferential shift in the dividing cell population towards cells expressing EGFP. Immunohistochemical analysis revealed a surprisingly low proportion of cells coexpressing the astroglial marker S100beta and EGFP. Kainate increased the number of EGFP-positive, S100beta-positive and S100beta-positive-EGFP-positive astrocytes in the subgranular zone. We also report a subset of faintly EGFP-positive cells expressing markers of early neuronal differentiation. Patch-clamp analysis revealed the presence of three functionally different populations of EGFP-positive cells in both kainate and control tissue. We conclude that there is an early increase in proliferating radial glia-like astrocytes in the dentate after kainate-induced seizures, consistent with a recruitment of precursors for seizure-induced neurogenesis.